Kinetics of the Cholesterol-Sulfuric Acid Reaction:

A Fast Kinetic Method for Serum Cholesterol Thomas E. Hewitt and Harry L. Pardue1
We studied the kinetics of the reaction between cholesterol and sulfuric acid in acetic acid-acetic anhydride medium.
Results have been used to establish near-optimal conditions for the fast kinetic determination of cholesterol in serum. .
General Considerations
One of the most significant observations to make here is the fact that the rate constant determined in this fashion is independent of the concentration of the rate-limiting species. This fact, and the relationship expressed in Equation 4, makes the apparent first-order rate constant a unique diagnostic tool in the evaluation of sample-to-sample variation to be expected from a kinetic method based on a first- order reaction. It is surprising that few if any reported kinetic methods make use of this simple test. 
Materials and Methods
Instrumentation
Procedure
The photometer and its associated circuitry are permitted to warm up for an hour and the circulating water bath is adjusted to the desired working temperature.
The samples and color reagent are immersed in the water bath and adjusted to the working temperature.
The reaction cell is rinsed with small portions of the color reagent and then 3.00 ml of this reagent is dispensed into the cell. The stirrer is started and 10 sl of the cholesterol sample is injected into the color reagent.
Data are obtained on absorbance vs. time and processed by any desired method(s). 
Results and Discussion
Kinetic Dependencies
Sulfuric
acid dependency. Figure  3 shows how reaction rate is related to sulfuric acid concentration under different conditions. Curves A, B, and C represent the sulfuric acid dependency at 25 #{176}C and 120, 240, and 320 mg/dl cholesterol. All data were normalized to the same acetic anhydride concentration (47.7 g/100 g) before being plotted.
These data were also normalized to 200 mg of cholesterol per deciliter and plotted as curve D. Curve E represents the sulfuric acid dependency at 37 #{176}C, 67.7 g of acetic anhydride per 100 g, and 200 mg cholesterol per deciliter. Curve F is the log-log plot of the normalized -0-47.7 g/100 g acetic anhydride; 29.4 g/100 g acetic acid; 25 #{176}C; n = 4. -U-, 67.7 g/100 g acetic anhydride; 9.4 g/100 g acetic acid: 37#{176}C; n = 3.
Log coordinates:
x, data taken from -0-. Figure 6 shows the effects of various amounts of water added to 3.00 ml of reagent containing 10 microliters of a 200 mg/dl cholesterol standard. The effect of water on the reaction is observed to be smaller at 37 #{176}C and 67.7 g of acetic anhydride
per 100 g than at 25 #{176}C and 47.7 g of acetic anhydride per 100 g. Slopes of the loglog plots show the relationships, rate l/(zl H2O)#{176}#{176}44 and rate 1/(sl H20)#{176}'#{176}76 at the high and low conditions of temperature and acetic anhydride, respectively.
The water effect can be handled either by adding an amount of water equal to the sample size in the standardization step or by computing a correction factor from the data in Figure 6 . We have used both procedures with equal success. This point is discussed in more detail below under "matrix effects." Reagent stability.
The stability of the color reagent depends on the temperature at which it is stored and its composition. Cholesterol concentrations ranged from 110 to 340 mg/dl and bilirubin concentrations ranged from 0.1 to 1.6 mg/dl in the sera. H2S04, 22.1 g/100 g; Na2SO4, 0.8 g/100 g; acetic acid, by difference; temp., 37#{176}C.
for cholesterol in that the reaction is not easily forced into pseudo-first-order behavior. Accordingly, it is not possible to quote meaningful apparent firstorder rate constants for the reaction. However, it is possible to compare initial rates (.A/zt) for cholesterol and bilirubin.
The reaction rate increases linearly with bilirubin concentration up to 40 mg/dl (the highest value examined).
One milligram of bilirubin gives a rate equivalent to what would be given by about 1.6 mg of cholesterol at 25 #{176}C and 48 g of acetic anhydride per 100 g, and about 0.6 mg of cholesterol at 37 #{176}C and 68 g of acetic anhydride per 100 g. These values correspond to 0.8% and 0.3% errors, respectively, at 200 mg/dl of cholesterol (see Figure  5 ). Variations in apparent first-order rate constants for serum samples in Table  1 include effects of variable amounts of bilirubin. Table 1 lists molar absorptivities measured at 615 nm for a variety of conditions. Absorptivity increases slightly with both temperature and acetic anhydride concentration.
Molar Absorptivity Dependencies
Also, there appears to be a slight increase in this constant with time at the high acetic anhydride concentration.
Other data not included Conditions; 30#{176}C; 22.1 g/100 g H2S04, 9.4 g/100 g acetic acid, 67.7 g/100 g acetic anhydride, 0.8 g/100 g Na2SO4; 1O-pI sample. here show a small depression of the molar absorptivity by 20 al of water added with a standard. In all cases, the changes in molar absorptivity are small compared to the kinetic effects and as such do not play a significant role in the selection of reaction conditions.
MatrixEffects
The sample matrix could affect either the rate constant or the molar absorptivity and each of these parameters must be examined separately. Rate constants.
Equation 7 was used to evaluate rate constants for a large number of serum samples under a variety of conditions. Results are summarized in Table  2 . Note first the last column in the Table, in which the ratio of the average rate constant for several sera to that of a standard plus water is tabulated.
In every case, the ratio is close to unity, showing that for these sera, the sample matrix has little or no influence on the rate constant for any of the conditions examined.
The Table includes the actual averages and standard deviations, which can be used to predict variations expected with any desired degree of confidence.
The individual data points for the first entry of 20 samples in the Table are plotted as an inset in the lower right-hand corner of Figure  7 . The data in this Table were at 25 "C is y = 0.92 x + 22.4, that at 30 "C is y = 1.14 x -15.5, and that at 37 #{176}C is y = 0.92 x + 19.2.
We think these differences represent day-to-day variations rather than differences imposed by the different conditions.
In 
